Aerobic capacity and future cardiovascular risk in Indian community from a low-income area in Cauca, Colombia by Ramírez Vélez, Robinson et al.
RESEARCH Open Access
Aerobic capacity and future cardiovascular
risk in Indian community from a low-
income area in Cauca, Colombia
Robinson Ramírez-Vélez1*, Jorge Enrique Correa-Bautista1, Jeison Alexander Ramos-Sepúlveda2,
Carlos Andrés Piñeros-Álvarez2, Lorena Isabel Giraldo2, Mikel Izquierdo3, Antonio García-Hermoso4,
Fernando Rodríguez-Rodríguez5 and Carlos Cristi-Montero5
Abstract
Background: Several studies indicates that children’s aerobic capacity levels are predictors of the future risk of
non-communicable diseases. Therefore, the aim of this study was to establish the proportion of subjects whose
aerobic capacity is indicative of future cardiovascular risk in Indian-Nasa community from a low-income area in
Cauca, Colombia.
Methods: We performed a cross-sectional analysis of morphological component (height, weight, body mass
index (BMI), waist circumference, triceps skinfold, subscapular skinfold, and body fat percent [BF%]), and the
cardiorespiratory component (course-navette 20 m, shuttle run test and estimation of maximal oxygen consumption by
indirect VO2max) from 576 participants (319 boys and 257 girls) aged 10 to 17.9 years, using the standardized
FUPRECOL test battery.
Results: We showed that the boys performed better than the girls in cardiorespiratory fitness. The proportion
of subjects with an aerobic capacity indicative of future cardiovascular risk was 7.3%. By sex, 3.8% of boys and
11.7% of girls (X2 p = 0.001) displayed an unhealthy aerobic capacity in this study.
Conclusion: The findings of this study that provide the first data on aerobic capacity health for Colombian
Nasa Indian children and adolescents aged 10–17.9 years. Although the known loss of aerobic capacity is a
serious consequence of the future risk of non-communicable diseases, the deterioration of physical fitness
deserves increased attention among indigenous population.
Keywords: Physical fitness, Aerobic fitness, Cardiorespiratory fitness, Risk factors, Chronic diseases,
Cardiometabolic health, Indigenous
Background
Health-related fitness consists of cardiorespiratory fitness
(CRF), musculoskeletal (e.g., muscle endurance, muscle
strength, muscle power), and motor fitness (e.g., balance,
coordination and speed of movement), in particular can
also be immensely influenced by lifestyle factors [1–6].
Several large cohort studies have shown lack of CRF
with high mortality and morbidity is strong, exceeding
even that of other classic factors regarding cardiovas-
cular risk factors such as dyslipidaemia, hypertension,
or obesity [2–9]. CRF is relates more strongly than
physical activity to metabolic and cardiovascular dis-
ease risk factors in healthy children and adolescents
[3, 6]. Thus, having a high level of CRF in childhood
could be a protective factor of cardiovascular disease
in adulthood [10].
The effects of cardiovascular risk factors on health
may partly be mediated through physical fitness levels.
In this context, the inclusion of CRF within health sur-
veillance systems is therefore clearly justifiable, and
schools may be an ideal setting for the monitoring of
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youth fitness. Fitness education and student fitness as-
sessments offer students an opportunity to assess, track,
and improve their fitness level. Batteries such as FIT-
NESSGRAM [11], The Presidential Youth Fitness Pro-
gram (PYFP) [12], The European Physical Fitness
(EUROFIT) [13], The Canadian Physical Activity, Fitness
and Lifestyle Approach (CPAFLA) [14], and The FUPRE-
COL battery (in Spanish, Asociación de la Fuerza Prensil
con Manifestaciones de Riesgo cardiovascular Tempranas
en Niños y Adolescentes Colombianos) [15, 16] have been
used in diverse studies. The health-related fitness included
in the FUPRECOL battery assess the main components of
fitness related to health such as (a) morphology and body
composition, (b) musculoskeletal fitness, (c) motor fitness,
and (d) CRF levels [15].
However, race and ethnicity are also thought to be im-
portant determinants of biological and physical determi-
nants of health [17]. Race has traditionally been used to
categorize populations on the basis of shared biological
characteristics such as genetic variation, skin color, and
other observable features [18]. Ethnicity is also tradition-
ally used to categorize a distinctive social and cultural
tradition within the group generations [12]. In this con-
text, race and ethnicity is strongly associated with almost
every measure of health and disease among indigenous
populations including disparities in modifiable risk fac-
tors and low participation in physical activity [5, 13–21].
Despite the importance of this, to date there is a lack of
scientific evidence regarding the CRF by sex, age, in in-
digenous populations [21].
In addition to the above, the current state of CRF in
Colombia have been poorly documented, particularly
among the most vulnerable groups such as rural popu-
lations, indigenous, women and children [5]. This will
further improve understanding of health-risk levels
within CRF categories and help to inform the develop-
ment of targeted interventions for different race/ethni-
city population.
Therefore, the aim of this study was to establish the
proportion of subjects whose CRF is indicative of future
cardiovascular risk in Indian-Nasa community from a
low-income area in Cauca, Colombia.
Methods
Participants and sample
We have recently published a complete description of
the Colombian Nasa Indian design, methods, and pri-
mary outcomes for our current cohort [5]. In brief,
the Nasa, Cauca community is located in the Toribio
district (South Colombia). Nasa Cauca community is
considered a low-income area, with approximately
90% of the 186,178 inhabitants living in the surround-
ing rural areas [5]. Data from the National Institute
of Statistics in Colombia indicate that the estimated
prevalence of poverty is substantially higher in the
Nasa indigenous (93%) [22].
Study design
We performed a cross-sectional analysis of baseline data
from participants in The FUPRECOL study focused on
fitness related to health and non-chronic disease. The re-
cruitment period lasted from June 2014 to January 2015.
The analysis was restricted to subjects aged 10–17.9 years,
with morphological component, and the cardiorespiratory
determinations. The final analytical sample was composed
by 576 (319 boys and 257 girls) [5]. A power analysis
showed that this sample size was sufficient to estimate the
physical fitness with a precision of 11.4% and a power of
80%. The sample size was estimated at 15 to 30 partici-
pants per group.
Morphological measurements
Variables were collected at the same time in the morn-
ing, between 7:00 and 10:00 a.m. Body weight and height
were measured using standard procedures with electronic
scales (Tanita® BC544, Tokyo, Japan) and mechanical sta-
diometer platform (Seca® 274, Hamburg, Germany), re-
spectively. BMI was calculated as the body weight in
kilograms divided by the square of the height in meters.
Weight status was defined as having a BMI above the age
and sex-specific thresholds of the International Obesity
Task Force (IOTF) [23]. Waist circumference (WC) was
measured, midway between the lower rib margin and the
iliac crest. Skinfold thicknesses (SS) were measured twice
on the left side of the body to the nearest 0.1 mm using a
Harpenden skinfold caliper (Holtain®, Bryberian, UK) at
the following sites: (1) triceps SS, halfway between the
acromion process and the olecranon process; and (2) sub-
scapular SS, about 20-mm below the tip of the scapula, at
an angle of 45° to the lateral side of the body. For both
boys and girls percentage body fat (BF%) was calculated
using the formulas described previously in children and
adolescents by Slaughter et al. [24], Males: 0.735 (triceps
+ calf) + 1.0; and Females: 0.610 (triceps + calf) + 5.1).
Cardiorespiratory measurements
The participants performed the international course-navette
shuttle run test [25]. They ran in a straight line between
two lines 20 m apart, while keeping pace with pre-recorded
audio signals. The initial speed was 8.5 km/h and was in-
creased by 0.5 km/h per minute [25, 26]. A detailed de-
scription of 20-m shuttle run, and to estimate VO2max
using the formulas described by Leger et al. [25] can be
found elsewhere [5].
The FITNESSGRAM standards [27] for age and gen-
der were used to classify the adolescents into those who
had reached the Healthy/Unhealthy Fitness Zone or
those displaying future cardiovascular risk, which was
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defined as the minimum level of CRF (in ml*kg*min−1
units of VO2max) that provides protection against health
risks associated with inadequate fitness. Therefore, the
participants were classified as having a healthy CRF if
their VO2max was 40–44 ml*kg*min
−1 for boys and 38–
40 ml*kg*min−1 for girls, according to their age. These
age-and-sex-specific VO2max cut-off points were vali-
dated against the presence of metabolic disorders using
representative U.S. data [28] and the 2011 FITNESS-
GRAM® standards [27].
Maturation status
Maturation status was assessed by the classification de-
scribed by Tanner (self-reported pubertal status), which
is based on the extent of hair covering of the pubertal
region, (five stages: I-V) as: prepubescent (I-II), pubes-
cent (III), and postpubescent (IV-V) [29] group. Each
volunteer entered an isolated room, where, using a set of
images exemplifying the various stages of sexual matur-
ation, they categorized the development of their own
genitalia (for boys), breasts (for girls), armpits (for boys)
and pubic hair (for both genders). The reproducibility of
our data reached 85%.
Reliability health-related fitness measurements
All fitness measurements in a subsample of (n = 124)
boys and (n = 105) girls [mean weight = 46.2 ± 12.4 kg,
mean height = 1.50 ± 0.1 m, mean BMI = 19. 9 ± 3.1 kg/
m2, mean age = 12.8 ± 2.4 years] were repeated by having
the subject undergo the tests again 1 week later. The
same inter-trial period has been used previously in simi-
lar reliability studies conducted with healthy young indi-
viduals [30]. In all the tests, we found almost excellent
test-retest reliability [body mass (intraclass correlation,
ICC = 0.983), BMI (ICC = 0.973), triceps SS (ICC =
0.864), subscapular SS (ICC = 0.859), %BF (ICC 0.897),
maturation status (ICC = 0.856), and course-navette
shuttle run test (ICC = 0.967)].
Ethics statement
The study protocol was explained verbally to the partici-
pants and their parents/guardians before they gave their
written consent. Participation in the study was fully vol-
untary and anonymous, with no explicit incentives pro-
vided for participation. This protocol was in accordance
with the latest revision of the Declaration of Helsinki
and was approved by the Review Committee for Research
with Human Subjects at the University of Manuela Beltrán
(Resolution UMB N° 02-1902-2014).
Statistical analyses
The anthropometric characteristics of the study sample
are presented as means, standard deviations (SD) or
relative frequencies (n, %). Normality of the selected
variables was verified using histograms and Q-Q plots.
An independent t-test or chi square was employed to de-
termine the differences in the participants’ anthropomet-
ric characteristics and aerobic capacity measurements
between boys and girls. Multiple regression analysis was
performed to determine the strongest morphological
component predictor for cardiorespiratory fitness, with
controlling of factors – age, gender, and Tanner staging.
Statistics were calculated on SPSS V. 21 software for
Windows (SPSS, Chicago, IL, USA), and the significance
level was set at 5%.
Results
The characteristics for the two components of the
FUPRECOL health-related fitness test according to the
sex and age of the study sample are shown in Table 1.
The mean and standard deviation (±) values were as fol-
lows: age 14.3 ± 2.2 years, weight 46.1 ± 10.6 kg, height
148.2 ± 11.6 m, BMI 20.7 ± 2.7 kg/m2, waist circumfer-
ence 70.0 ± 7.3 cm, subscapular skinfold 10.3 ± 3.7 mm,
triceps skinfold 12.5 ± 6.1 mm and BF% 21.8 ± 5.5%. The
prevalence of overweight and obesity were significantly
higher in girls (p = 0.001). Girls had a significantly higher
BF% and a significantly higher WC (p = 0.001). VO2max
were significantly different between sexes, and boys had
significantly higher scores in the cardiorespiratory com-
ponent (p = 0.001). The proportion of subjects with an
aerobic capacity indicative of future cardiovascular risk
was 7.3%. An unhealthy aerobic capacity was observed
in 3.8% of boys and 11.7% of girls (X2 p = 0.001).
Table 2 shows that adolescents (both boys and girls)
with a healthy aerobic capacity have a lower morpho-
logical component (weight, BMI, WC, subscapular and
triceps skinfold).
Multiple regression analysis in Table 3 showed that
weight (ß = −0.206, p < 0.001), BMI (ß = −0.124, p < 0.001),
WC (ß = −0.227, p < 0.001) and body fat percentage (ß =
−0.249, p < 0.001) were significant predictor for CRF levels.
Figure 1 shows a comparison between Nasa Indian
and a 50-country CRF average (high and middle income)
[30] and considering an age-and-sex-specific cut-off
point to avoid cardiovascular [31] and metabolic syn-
drome risk [27 in children and adolescents. Overall, it is
appreciated that both boys and girls Nasa Indian have a
high level of CRF than a considerable sample of children
from Africa, Asia, Europe, Latin American and The
Caribbean, Northern American, and Oceania countries.
Nasa Indian boys’ CRF is maintained above 50 ml*kg*min−1
across 10 to 17 years old, while in girls CRF appears to be
lower as the age advances.
Discussion
The main finding of this study was the proportion of
subjects with a CRF indicative of future cardiovascular
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risk was 7.3%. By sex, 3.8% of boys and 11.7% of girls
(X2 = 0.001) displayed an unhealthy CRF. This study
shows the first published research study using the
FUPRECOL test battery in a sample of Colombian indi-
genous adolescents. The main strength of this study, and
in terms of how CRF is indicative of future cardiovascu-
lar risk, is the strict standardization of the fieldwork
among the Indian community.
In 2009, Ruiz et al. [10] systematically reviewed
whether CRF in childhood was a predictor of health in-
dependent of body fatness parameters or weight status
later in life.
On the other hand, the results obtained in this study
show that, in general, children and adolescents with a
healthy CRF had a better morphological outcome
(Table 2). In addition, they had lower waist circumfer-
ence and body fat values, which are all factors related to
an improved cardiovascular profile [32]. Compared with
previous studies, this difference could be a result of
international variation in adiposity patterns or because
the health-related CRF cut-points used in this study may
have discriminated adiposity better than the selected
Healthy Fitness Zone standards. This evidence demon-
strates that physical education teachers play the role of
health promoters for their students. Therefore, the
school setting is exceptional for promoting exercise
habits and preserving cardiovascular health [33].
Other studies have investigated the influence of fitness
on adiposity indices using multiple linear regression ana-
lysis [34, 35]. Body fat percentage and WC were the
strongest predictor to cardiorespiratory fitness levels in
our findings after adjusting factors of age, gender and
sexual maturity. Ara et al. [36]. revealed cardiorespira-
tory fitness was the strongest predictor of BMI, body fat
and subcutaneous truncal fat, as compared to physical
activity level. Another study showed that cardiorespira-
tory fitness, was inversely associated with both BMI and
WC after controlling factors of age, sexual maturity and
active commuting to school [37]. A third study in
Malaysian adolescent revealed an inverse association
between waist circumference and fitness score among
apparently healthy adolescents. This reiterates the im-
portance of body composition as a measurement tool of
health status for children and adolescent. It is a strong
predictor for cardio-metabolic risk factors in children
and adolescent [3, 6, 31]. Previosly studies found a
significant association between childhood adiposity and
unfavorable metabolic profiles [38, 39]. A probable
Table 1 Characteristics of schoolchildren and adolescents [mean (SD) or frequencies], by sex
Total
(n = 576)
Boys
(n = 319)
Girls
(n = 257)
P-value
Morphologic component
Age (years) 14.3 ± 2.2 14.4 ± 2.2 14.1 ± 2.2 0.198
Weight (kg) 46.1 ± 10.6 46.3 ± 11.3 45.8 ± 9.7 0.634
Height (m) 148.2 ± 11.6 150.4 ± 13.1 145.4 ± 8.8 0.000
Body mass index (kg/m2) 20.7 ± 2.7 20.1 ± 2.2 21.5 ± 3.1 0.001
Body mass index (z-score) 0.13 ± 0.54 −0.02 ± 0.87 0.44 ± 0.72 0.001
Waist circumference (cm) 70.0 ± 7.3 69.1 ± 6.6 71.1 ± 8.0 0.001
Subscapular skinfold (mm) 10.3 ± 3.7 8.3 ± 2.6 12.8 ± 3.3 0.001
Triceps skinfold (mm) 12.5 ± 6.1 9.2 ± 3.2 16.6 ± 6.5 0.001
BF (%) 21.8 ± 5.5 19.8 ± 4.5 24.2 ± 5.7 0.001
Weight status n (%)a
Normal weight (≥ P5 to < P85) 494 (85.8) 302 (94.7) 192 (74.7) 0.001
Overweight (≥ P85 to < P95) 77 (13.4) 15 (4.7) 62 (24.1) 0.001
Obese (≥ P95) 5 (0.9) 2 (0.6) 3 (1.2) 0.001
Maturation status (%)
Prepubescent/Pubescent/Postpubescent 30.6/35.7/33.7 34.6/30.3/35.1 34.8/30.0/ 35.1 0.309
Cardiorespiratory component
20-m shuttle run (stage) 7.2 ± 2.5 8.6 ± 2.2 5.5 ± 1.8 0.001
VO2max (ml
akgamin−1) 47.7 ± 6.7 51.5 ± 4.7 43.1 ± 5.9 0.001
Future cardiovascular risk n (%) 42 (7.3) 12 (3.8) 30 (11.7) 0.001
Mean ± standard deviation, except weight status and future cardiovascular risk (%). Total: sample of boys and girls together. Differences between boys and girls
calculated using one-way analysis of variance and weight status, tanner stage or future cardiovascular risk by X2 test. Body fat percentage (BF%)
a Weight status was assessed by following the IOFT criteria, according to which individuals with a BMI below the 5th percentile and below the 85th percentile are
well-nourished (normal weight); individuals at or above the 85th percentile are overweight; and those at or above the 95th percentile are obese [23]
Ramírez-Vélez et al. Italian Journal of Pediatrics  (2017) 43:28 Page 4 of 8
hypotheses way is the release of free fatty acids through
lipolysis of omentum and mesenteric adipocytes, which
in turn triggers vascular fuction, insulin resistance and
dyslipidemia [40, 41]. All these warrant the importance
of active intervention and healthy lifestyle to start at a
indigenous population.
In this study they found strong evidence indicating that
lower level of CRF in childhood and adolescence was asso-
ciated to cardiovascular diseases risk factors, arterial stiff-
ness, and metabolic syndrome in adulthood. Recently, the
same authors have identified as “pathological fitness level”
a CRF below to 25th percentile in youth [42]. And in 2016,
they published the cut points of CRF to avoid cardiovascu-
lar disease risk in children and adolescents (used in our
Fig. 1) [31]. This powerful evidence demonstrates on the
one hand, the importance of CRF as a health marker in
children and adolescents and its implications on
health in adulthood, and on the other, it provides us
CRF cut-offs to establish a “warning sign” to detect
the population at risk early.
Despite the above, few studies available in the litera-
ture have investigated poor physical fitness profiles with
similar socio-cultural characteristics and from the same
ethnic origin [5, 32, 43]. In this study, the proportion of
children and adolescents with a CRF indicative of future
cardiovascular disease (CVD) was 7.3%. By sex, the pro-
portion of subjects with an unhealthy CRF were 3.8% in
boys and 11.7% in girls (X2 = 0.001). These results are
substantially lower than those observed in previous
international studies conducted with adolescents (26% of
boys and 55% of girls in Chile [44]; 38% of boys and 43%
of girls in the European Union [45]; 29% of boys and
23% of girls in Australia [46]; 29% of boys and 31% of
girls in the United States [26]; and 11.5% of children and
49.1% of adolescents in Argentina [47].
Previous research indicates that low fitness levels can
linger on into adulthood in which low CRF is associated
with increased mortality risk [33, 48, 49]. However, dif-
ferences in the environment alone do not appear to tell
the entire story, particularly in elucidating why certain
populations and ethnic groups experience a dispropor-
tionately high prevalence of CVD when they adopt a
western lifestyle [5]. The classic example of this is the
Pima Indians, who when living a traditional rural lifestyle
in Mexico are lean, active and have a low diabetes preva-
lence, but when living in the US, are generally obese and
have prevalence of diabetes mellitus and other non-
communicable diseases in ~40% of the adult population
[50]. This pattern is also evident in other indigenous pop-
ulations throughout the Americas [51] and Australia [52].
Future studies will need to confirm the extent to which
this phenotype remains at cardio-metabolic disease risk
compared with counterparts with healthy CRF.
Compared to Nasa Indian adolescents in another stud-
ies, our sample saw a better performance on cardiorespi-
ratory components [46, 47, 53, 54]. Figure 1 shows a
CRF comparison between Nasa Indians and an inter-
national normative 20-m shuttle run test from 50 coun-
tries [30]. We have considering two cutoffs, the first (red
line), to avoid cardiovascular risk recently published by
Ruiz et al. in 2016 (42 ml*kg*min−1 for boys and
35 ml*kg*min−1 for girls) [31], and the second (green
line), which is linked to metabolic syndrome from an
cross-sectional study conducted by Welk et al., in 2011
Table 2 Differences in the morphological components between
healthy aerobic capacity and unhealthy aerobic capacity groups in
Nasa Indian Community from Cauca, Colombia
Fitness component Group Aerobic capacity P-value
Unhealthy Healthy
Morphological component
Weight (kg) Total 51.9 ± 9.3 44.9 ± 10.4 <0.001
Boys 60.3 ± 15.4 45.8 ± 10.9 <0.001
Girls 51.0 ± 8.0 43.2 ± 9.4 <0.001
Body mass index (kg/m2) Total 23.1 ± 3.0 20.2 ± 2.3 <0.001
Boys 23.0 ± 3.6 20.0 ± 2.0 <0.001
Girls 23.1 ± 3.0 20.6 ± 2.8 <0.001
Waist circumference (cm) Total 76.0 ± 7.1 68.8 ± 6.7 <0.001
Boys 78.6 ± 8.8 68.7 ± 6.3 <0.001
Girls 75.7 ± 6.9 68.8 ± 7.4 <0.001
Subscapular skinfold (mm) Total 18.8 ± 5.8 11.2 ± 5.3 <0.001
Boys 12.0 ± 2.9 9.1 ± 3.1 0.006
Girls 19.5 ± 5.6 15.0 ± 6.3 <0.001
Triceps skinfold (mm) Total 13.6 ± 3.7 9.6 ± 3.2 <0.001
Boys 10.8 ± 5.4 8.2 ± 2.4 0.002
Girls 13.9 ± 3.4 12.1 ± 3.1 <0.001
Body fat (%) Total 26.7 ± 4.6 20.8 ± 5.1 <0.001
Boys 24.6 ± 6.0 19.7 ± 4.3 <0.001
Girls 26.9 ± 4.4 22.7 ± 5.7 <0.001
Mean ± standard deviation. Total: sample of boys and girls together.
Differences between total, boys and girls calculated using one-way analysis of
variance. Group and aerobic capacity level (healthy and unhealthy) as per the
FITNESSGRAM reference criteria [25]
Table 3 Standardised coefficient (ß) between morphologic
component and cardiorespiratory fitness levels, using multiple
regression analysisa
Morphologic component Cardiorespiratory fitness P-value
ß
Weight (kg) −0.206 <0.001
Body mass index (kg/m2) −0.124 <0.001
Waist circumference (cm) −0.227 <0.001
BF (%) −0.249 <0.001
aControl for age, gender, and sexual maturity
Ramírez-Vélez et al. Italian Journal of Pediatrics  (2017) 43:28 Page 5 of 8
(40–44 ml*kg*min−1 for boys and 38–40 ml*kg*min−1
for girls) [27].
It can be seen that Nasa Indian boys exceed both cut-
offs (cardiovascular and metabolic syndrome risk) from
10 to 17 years old, and their CRF values are higher than
the sample of 50 countries boys from the international
study. In contrast, the boys’ CRF from 50 countries de-
creased, and at the age of 17 they are slightly above the
cardiovascular risk cutoff (0.6 ml*kg*min−1). In girls, the
Nasa Indian sample exceeds both cutoffs until the age of
16, whereas the girls’ CRF from the international norma-
tive 20-m shuttle run test is only until 14 years old.
Explaining the differences between urban and rural ad-
olescents remains speculative. One possible explanation
for the differences in physical fitness profiles among in-
digenous adolescents may be the differences in moderate
to vigorous physical activity [55] or differences in body
fat distribution [56]. It is possible the FITNESSGRAM
CRF cut-points, which were developed to discriminate
body fatness parameter, identified enough excess adipos-
ity among Nasa Indian sample. This observation could
also be a result of the selected cut-points for CRF, reinfor-
cing the need for development of aerobic capacity health-
related standards to discriminate cardio-metabolic health
in youth [56]. Nevertheless, in Latin America, urban
Ecuadorian adolescents had better physical fitness and
blood lipid profiles than rural adolescents, independent of
sedentary time [56–58]. However, other environmental
and socio-economic correlates must be explored.
There are some limitations on this study. Firstly, due
to its cross-sectional nature we cannot discern the direc-
tion of the observed associations between CRF and fu-
ture cardiovascular risk, which may indeed be reciprocal
[59, 60]. Secondly, we did not measure important
variables associated with cardiovascular disease such as
blood lipids, sex hormone levels, physical activity or fa-
milial health background. Third, the estimation of
VO2max from the FITNESSGRAM standards of the 20-
m shuttle run is known to vary with the equation used.
Our decision to categorize VO2max fitness according to
health predictive value instead of using continuous vari-
ables can be considered a limitation of the study. An-
other potential limitation is the equation used to
estimate VO2max, which may underestimate cardiorespi-
ratory fitness by up to 12% relative to other methods
and therefore may, in isolation, have inflated the preva-
lence of unhealthy aerobic capacity [60]. However, such
limitations do not compromise the results obtained
when validating these results.
Finally, the small number of studies on the indigenous
population did not allow us to make comparisons with
the results of this work. Furthermore, despite their larger
burden of chronic disease and the alarming increase in
the prevalence of obesity in children and adolescents in
Latin America [61], lower middle-income countries such
as Kenya are also substantially underrepresented in
physical activity intervention research [62]. The discord-
ant fitness-body fatness parameters pairs highlighted in
this study bolster the argument for the inclusion of CRF
assessment or data interpretation for youth in clinical
practice [63]. On the other hand, our decision to
categorize CRF according to health predictive value in-
stead of using continuous variables can be considered a
strength of the study as it allowed for greater public
health interpretability. CRF has been suggested before
when estimating metabolic health risks associated with
obesity or physical inactivity. Another potential strength
of the study was the use of health-related, valid, and
Fig. 1 CRF comparison between Nasa Indian and an international normative 20 m shuttle run test considering a cutoff to avoid cardiovascular
risk and metabolic syndrome in children and adolescents. CV: cardiovascular, MS: Metabolic syndrome, CRF: Cardiovascular Fitness
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reliable field tests recommended for Latin-American
youth fitness assessment [64].
Conclusions
In summary, our results show for the first time that
Colombian Nasa Indian children and adolescents aged
10–17.9 years have a low rate of unhealthy CRF, which
significantly reduces their future cardiovascular risk.
Although the known loss of CRF is a serious conse-
quence of the future risk of non-communicable dis-
eases, the deterioration of aerobic capacity deserves
increased attention among indigenous population.
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